BACKGROUND: Sensemaking is the social act of assigning meaning to ambiguous events. It is recognized as a means to achieve high reliability. We sought to assess sensemaking in daily patient care through examining how inpatient teams round and discuss patients. OBJECTIVE: Our purpose was to assess the association between inpatient physician team sensemaking and hospitalized patients' outcomes, including length of stay (LOS), unnecessary length of stay (ULOS), and complication rates. DESIGN: Eleven inpatient medicine teams' daily rounds were observed for 2 to 4 weeks. Rounds were audiotaped, and field notes taken. Four patient discussions per team were assessed using a standardized Situation, Task, Intent, Concern, Calibrate (STICC) framework. PARTICIPANTS: Inpatient physician teams at the teaching hospitals affiliated with the University of Texas Health Science Center at San Antonio participated in the study. Outcomes of patients admitted to the teams were included. MAIN MEASURES: Sensemaking was assessed based on the order in which patients were seen, purposeful rounding, patient-driven rounding, and individual patient discussions. We assigned teams a score based on the number of STICC elements used in the four patient discussions sampled. The association between sensemaking and outcomes was assessed using Kruskal-Wallis sum rank and Dunn's tests. KEY RESULTS: Teams rounded in several different ways. Five teams rounded purposefully, and four based rounds on patient-driven needs. Purposeful and patient-driven rounds were significantly associated with lower complication rates. Varying the order in which patients were seen and purposefully rounding were significantly associated with lower LOS, and purposeful and patient-driven rounds associated with lower ULOS. Use of a greater number of STICC elements was associated with significantly lower LOS (4.6 vs. 5.7, p=0.01), ULOS (0.3 vs. 0.6, p=0.02), and complications (0.2 vs. 0.5, p=0.0001).
INTRODUCTION
Hospitalized patients' quality of care remains variable, despite significant efforts put into patient safety and quality improvement.
1,2 Consistent decreases in adverse events have not been achieved. 3 In this context, increased attention has been placed on high reliability, a concept that includes achieving consistently high performance levels, 4 not only through reducing failures, but also through improving recognition and action when failures occur. 5 High reliability organizations are characterized by real-time operational awareness, recognition of task complexity, use of near-misses to identify improvement targets, deference to expertise, and resilience among individuals throughout the organization.
High reliability has been studied in the organizational literature. [6] [7] [8] Sensemaking has emerged as a critical activity for achieving and maintaining high reliability. 9, 10 Sensemaking is defined as a social act of assigning meaning to ambiguous events or data, and acting based on that meaning: BSensemaking is a diagnostic process directed at constructing plausible interpretations of ambiguous cues that are sufficient to sustain action.^1 1, 12 At the organizational level, this may include how individuals interpret and react to changes in competitive landscapes, new strategic initiatives, or internal reporting structure. In healthcare, sensemaking occurs at the organizational level, but also in the context of delivering care to individual patients. Through sensemaking, we assimilate data and contextual cues to reach conclusions that allow us to act. Effective provider sensemaking is one path to achieving high reliability in health care.
Clinical reasoning is often used to describe how clinicians come to an understanding of a patient. It has been defined as Bthe cognitive operations allowing clinicians to observe, collect, and analyze information that ultimately leads to an action.^1 3 However, just as clinical reasoning may be considered broader in scope than decision making, sensemaking may be considered broader than clinical reasoning. Sensemaking encompasses not only understanding individual patients, but also making sense of the competing tasks required by a group of patients.
How is sensemaking achieved in patient care? Providers must not only diagnose and treat patients, but also anticipate complications, recognize changes in a patient's course, and communicate effectively during care transitions. For example, Ghaferi examined differences between low and high-surgical mortality hospitals, expecting differences in complications to be a primary cause of mortality differences.
14 Instead, mortality rates were associated with how quickly and effectively providers recognized and managed complications-termed Bfailure to rescue.^To better understand the ways providers make sense of what is happening with their patients in realtime, we examined sensemaking among inpatient medical physician teams, a work context characterized by high task interdependence and highly distributed cognition. While there have been limited observational studies of physician rounds, they have focused on how and where time is spent, and not on the substance of actions or discussions. 15 We observed how teams made sense of their daily tasks based on how they rounded, as well as how they discussed individual patients each day on rounds. We then assessed the association between patterns of team sensemaking and patient outcomes of length of stay (LOS), unnecessary length of stay (ULOS), and complication rates.
METHODS

Setting and Study Participants
This study was conducted at the Audie L. Murphy Veterans Affairs Hospital (ALMVAH) in the South Texas Veterans Health Care System (STVHCS) and University Hospital (UH), the primary teaching hospitals of the University of Texas Health Science Center at San Antonio (UTHSCSA). ALMVAH is the 220-bed acute care facility for STVHCS. UH is the 614-bed level-I trauma center for the Bexar County health district. This study was approved by the UTHSCSA Institutional Review Board, the STVHCS Research and Development Committee, and the UHS Research Committee.
As part of a study of inpatient medicine team relationships, 16 we observed inpatient teams over nine month-long periods. On two teams, the attendings changed halfway through the month. Because of resultant differences in team characteristics, these half-months were analyzed as separate teams. We rounded with teams daily, and one to two members of the research team took field notes and audiotaped rounds.
We also observed any initial discussions of team expectations. Teams were comprised of one attending physician, one postgraduate-year (PGY)-2 or PGY-3 resident, and two interns. Two to three medical students, and occasionally a sub-intern, pharmacist, or Doctor of Pharmacy student were also team members. Patients with any acute medical illnesses were admitted to these teams, excepting new onset cardiac conditions.
We purposefully sampled teams, focusing on attending characteristics (sampling a range of years of experience and involvement in clinical, educational, and administrative activities), and time of year. [16] [17] [18] We obtained physician information based on our knowledge of the faculty pool. We sampled across the year excluding July or August to allow resident team members to settle in to their roles.
For this analysis, we used audiotaped recordings and field notes regarding team member discussions prior to rounds, and the order of teams' movements during rounds, as detailed below. We collected data regarding each patient admitted to the teams, including discharge diagnosis and comorbidities. We also collected daily census and number of admissions and discharges to assess team workload.
Assessing Sensemaking
We assessed sensemaking in two ways: first, by how teams made sense of daily rounding tasks, and second, how they made sense of individual patients' clinical courses.
To assess sensemaking of daily rounding tasks, we examined how teams rounded on their patients, as this would reflect their assessment and prioritization of tasks. We categorized each team's rounding practices in three ways: (1) whether teams explicitly discussed how they should round, termed Bpurposeful rounding,^(2) the order in which physician teams saw patients, termed Brounding order,^and (3) whether teams rounded in a patient-driven manner.
We noted whether an explicit discussion of the order in which patients should be seen occurred, which we considered evidence of Bpurposeful rounding.^If there was a patientdriven reason for starting in a certain order, such as a patient worsening or being ready for discharge, we considered that Bpatient-driven.^We categorized the order in which patients were seen using the rounding orders described in Table 1 . We assigned one rounding order to each team daily, and summed Rounding on one intern's patients first and then the other intern's Running the board Rounding in the team room, discussing patients in the order they are written on the board, or in which their card appears in the attending's stack Patient-driven
Prioritizing specific patients to see based on their clinical needs the total number of rounding orders each team used over the course of our observations. To assess sensemaking of individual patients, we listened to audiotaped discussions of four patient encounters per team. We purposefully sampled for encounters of complex clinical scenarios, but to limit potential confounding by variation in clinical diagnoses, sought consistency between scenarios across teams. To accomplish this, we first identified two discussions of complex patients on post-call days. The postcall day, or day after teams admit their highest potential patient number, is when team census is highest, and when much of the initial diagnosis and treatment is formulated, with diagnostic results returning, and treatment responses assessed. Post-call discussions provided insight into how teams made sense of patients' illnesses as they were immediately unfolding. We identified patients based on admitting diagnosis, including cirrhosis-related illness, pneumonia, or exacerbations of heart failure or chronic obstructive pulmonary disease. We then identified the subset of patients with age-adjusted Charlson Comorbidity scores between 6 and 10.
19 From this group, we randomly selected two patient discussions per team.
The second group of two patient encounters for each team related to complex patients with complications, or new problems that developed in the hospital. We assessed discussions that occurred on the days complications were recognized, as they could provide insight into how teams recognized, assessed, and made sense of complications. Again, to have consistency in the clinical scenarios, we focused on a narrow range of frequent complications, including acute kidney injury, hospitalacquired infection, or change in mental status. We first identified patients on each team that developed a complication. We then identified the subset with the same range in Charlson Comorbidity score, randomly selecting two patients per team. For one team, there was only a single patient who experienced a complication that met our criteria.
We used the Situation, Task, Intent, Concern, Calibrate (STICC) framework to assess sensemaking of patient discussions. 20 This framework was designed by sensemaking researchers to assess communication failures leading to inpatient adverse events, making it appropriate for assessing how teams made sense of what was happening during discussions on daily rounds. STICC elements, operational definitions, and examples are shown in Table 2 . Two members of the research team independently listened to each discussion to assess presence of STICC elements.
We assigned each team a score based on the number of STICC elements reflected in each patient care discussion. Each time an element was noted in a discussion, the team was given a point. Thus, teams could receive 0 to 5 points for each patient discussion based on the number STICC elements utilized. Zero would reflect no STICC elements, and 5 would reflect all. The points for each element were then summed for a total of up to 20 points. For the team that had only three encounters that met our criteria, we imputed a total score based on those of the other encounters.
Assessing Patient Outcomes
Complications were defined as the development of a new problem, or a clinical deterioration after at least 24 h of stability. Specifically, new problems included newly identified clinical issues that were not part of the initial presentation and required additional action, such as an increased creatinine, fever, or fall. Clinical deteriorations included escalation of care in a patient previously stable or improving, such as a transfer to an increased level of care. These were assessed based on daily patient discussions, with chart review of problem lists in daily notes, laboratory studies, or diagnostic results performed if the discussion was unclear. LOS was determined based on the number of days the patient was in the hospital, including admission and discharge days. This was generally well-reflected in each day's field notes, but chart review was performed to confirm each patient's dates. ULOS was defined as days a patient remained hospitalized after being medically stable for discharge, based on the teams' daily patient discussions.
To avoid the possibility that care provided by another team would influence either LOS or ULOS, we included only patients whose entire hospitalization occurred under the care of the observed teams. Because we observed some teams for half-months, the longest possible LOS for patients cared for only by those teams was 13 days. Thus, we excluded patients with LOS longer than 13 days. We included all complications that occurred while patients were under the care of the teams we observed. Thus, patients who were transferred to or from other teams were included. However, to minimize the likelihood that the complications reflected another team's care, only complications occurring after 24 h were included for transferred patients.
Statistical Analysis
We assessed the association between our measures of sensemaking and patient outcomes. We first assessed each variable's distribution. 21, 22 Because some had a skewed distribution, we used the Kruskal-Wallis sum rank test for between group comparisons, utilizing Dunn's test for pair-wise comparisons if overall significance occurred. 23 Because there are not acceptable methods for covariate adjustments using the Kruskal-Wallace method, we compared patient characteristics and workload for teams with varying levels of sensemaking using a general linear modeling approach to ensure that there were not systematic differences that could impact our results. All models were run using SAS software. 24 Agreement and kappa were calculated using STATA 13.1. 25 
RESULTS
We observed 1941 discussions of 576 patients over 207 days. Two hundred and ninety-eight patients were included in our LOS and ULOS analyses. Two hundred and sixty-seven were excluded because they received care from another team, and 11 because their LOS exceeded 13 days. Three hundred and ninety-eight patients were included in our analysis of complications. Patient and workload characteristics for each team are shown in Table 3 .
Five teams had explicit discussions of their rounding order. The discussions occurred relatively infrequently, from three to five times per team over the course of the observations. We dichotomized teams into two groups, categorizing teams as Bpurposeful rounders^if they ever discussed their rounding order, and as not if they never discussed it.
We observed five rounding orders. Based on the distribution of rounding orders used by the teams, we stratified teams into low, medium, and high, with low being one rounding order used during the entire period of observation, medium being two or three rounding orders, and high reflecting at least four. Teams whose rounding orders were more varied had significantly shorter mean rounding times than teams that did not [92.8 min (12.2) vs. 119.0 (20.9), p=0.05]. Four teams rounded in a patient-driven manner. Patient-driven rounding was always purposeful, typically because a patient was deemed Bsick.^The number of times we observed patient-driven rounding was infrequent, from one to three times per team. We dichotomized teams based on whether or not they ever rounded in this way. Rounding practices are summarized in Table 3 .
The association between rounding orders, purposeful or patient-driven rounds, and patient outcomes, is shown in Table 4 . Teams with more rounding orders had significantly lower complication rates (p=0.02). Purposefully rounding teams had significantly lower LOS, ULOS, and complications. Finally, teams that rounded in a patient-driven fashion also had Inter-rater agreement for use of STICC elements in individual patient discussions was 90 % and kappa 0.8. STICC element utilization and STICC scores are shown in Table 3 . Most teams discussed the Bsituation^in all of their patient discussions, but few discussed issues of concern or calibration. We stratified teams into low and high groups. For use of each STICC element, low was defined as 0-2 and high as 3-4. For STICC scores, low was less than 15 and high was15 or higher. The associations between use of STICC and patient outcomes are shown in Table 5 . Higher STICC scores, reflecting more frequent use of all STICC elements in patient discussions, were significantly associated with lower LOS, ULOS, and complications. Discussion of situation was associated with lower LOS and complication rates. Discussion of task and intent were associated with lower LOS, ULOS, and complications.
Because we could not adjust for patient characteristics and team workload, we compared these between Blow^and Bhigh^sensemaking teams. The five teams with high STICC scores were the same teams that purposefully rounded. Four of these five teams used a Bhigh^number of rounding orders and rounded in a patient-centered order. Therefore, we compared both of these groupings of high sensemaking teams versus other teams. The only consistent significant difference between low and high teams was age-adjusted Charlson score (6.4 vs. 5.5, p<0.001). High and low teams did not differ with regard to workload (average daily census or number of admissions).
DISCUSSION
Inpatient teams differ in how they make sense of their rounding activities and individual patients' illnesses. Higher sensemaking measures were associated with lower LOS, ULOS, and complication rates. We used rounding practices to assess how teams made sense of their rounding tasks. Explicit discussion of rounding order was infrequent. When it occurred, it usually reflected team needs (such as an intern having afternoon clinic) rather than patient needs. Despite this physician focus, purposeful rounding was associated with improved outcomes, suggesting that assessing team daily tasks and rounding accordingly might be an important marker of general team function or workload / time management. There was high overlap between teams who used a higher number of rounding orders, rounded purposefully, and rounded in a patient-driven order, suggesting these activities reflect a similar sensemaking capability.
Teams also differed in their sensemaking of individual patients as assessed using STICC, and teams using more elements had improved outcomes. Interestingly, teams with higher rounding sensemaking measures also utilized more STICC elements, raising the possibility that we are assessing two aspects of a Bsensemaking capacity^on physician teams. Sensemaking provides one lens to view clinical reasoning not just as an individual endeavor, but rather as a shared, distributed, or social experience. Similar to distributed cognition, 13, 26 sensemaking recognizes that it is the interactions among the physicians, other providers and allied health care workers, the patient, and the environment (e.g., time constraints or an intern thinking about afternoon clinic) that lead to the emergence of understanding, meaning and action. With its organizational origins, sensemaking expands the traditional focus of clinical reasoning from individual patients to the management of all patients on a team.
Using a sensemaking lens rather than only a clinical reasoning perspective makes several important aspects of patient care explicit. First, teams have to not only take care of individual patients, but also actively manage their census of patients, prioritizing tasks, deploying resources, and avoiding harm. Second, sensemaking makes Bsystems^aspects of caring for patients more explicit, touching on issues of how we best care for patients in a particular context, at a specific time, all within the constraints of a specific healthcare system. While we did not assess sensemaking with regard to other providers taking care of the patient-notably nursing-we believe that the ways that all of these providers make sense of the patient are important, representing an area for future research.
The social nature of sensemaking and distributed cognition highlight the creation of a shared mental model among providers, ,27 which may also reflect tacit knowledge among the team. 28, 29 Our findings reinforce the importance of this shared meaning, as higher discussion of Bintent,^the Bwhy we are doing this,^was associated with lower complication rates and LOS. While concern and calibrate were not in themselves associated with outcomes, we do not believe that this reflects a lack of importance. Instead, it may reflect the infrequency of their use. The association of total STICC score and outcomes may speak to their importance. More explicit inclusion of intent, concern, and calibrate as part of assessment and plan discussions may be a strategy for enriching patient discussions and further improving patient outcomes.
The recognition that teams of providers must manage groups of patients within a specific organizational context highlights the importance of sensemaking to overall system function and high reliability. By explicitly recognizing sensemaking as a social activity among providers and patients, we can expand our social view of clinical reasoning beyond its traditional focus on diagnosis and treatment, to include safety, efficiency, provider interdependencies, and harm prevention. Additionally, we extend our understanding of the types of things to which providers must attend when taking care of hospitalized patients: communication, contextualization, and complex task management. The shared mental models fostered by effective sensemaking enable the consistently effective performance found in high reliability systems.
Our study is limited by its being conducted in two hospitals and utilizing a small number of teams. While we listened to only four discussions per team, we were able to identify similar patients across teams, allowing us to make comparisons that would not otherwise be possible. It is possible that our focus on specific types of discussions and complications limits the generalizability of these results to other clinical contexts or presentations. This small sample did allow us to obtain a richness that afforded an in-depth assessment of how teams round and discuss patients that can serve as platform for future work. It is possible that we missed some discussion of rounding order, but by dichotomizing teams based on ever observing a discussion, we believe we have assessed the team's general approach to how they would round. Finally, teams with higher sensemaking metrics cared for patients with lower Charlson scores, but given the small degree of difference, we do not believe it was clinically impactful. Examining sensemaking across institutions, across an expanded scope of patients and providers, and developing interventions that incorporate aspects of sensemaking into patient care activities, would be directions for future work that would build on and enrich this initial understanding.
